: Total and partial pair correlation functions of amorphous GeTe obtained from the optimized geometry at zero temperature and the harmonic phonons weighted by the quantum Bose factors, as outlined in Ref. 6 . The vertical lines are the bonding cutoffs used to define the coordination numbers (3.0Å, 3.22Å, and 3.0Å for Ge-Ge, Ge-Te and Te-Te bonds, respectively). The maxima of the pair correlation functions are at 2.592Å and 2.778 A for Ge-Ge and Ge-Te pairs. The experimental Ge-Te bond length from EXAFS data is 2.65Å [3] . 4-fold coordinated and form bonds preferentially with Te. However, we also observe a large fraction of homopolar bonds (Table I) . Te atoms are instead mostly 3-fold coordinated. The concentration of Te-Te bonds is lower than that of Ge-Ge homopolar bonds and gives rise only to Te dimers, not to longer Te chains. Insight on the local structures is further gained from the angle distribution function in Fig. S2 . Angles at ∼90 o and ∼170 o clearly dominate the bonding network and are reminiscent of the local coordination in the cubic β-GeTe phase. However, the main coordination number of Ge and Te of four and three, respectively, is lower than the ideal octahedral value of six. Actually, the distribution of the bond lengths for Ge atoms in octahedral-like sites reported in Fig. S3 shows a bimodal distribution which becomes more evident in Fig. S4 , where the distribution is plotted for the three shorter bonds and for the longer ones. The defective octahedral-like environment of Ge recalls a 3+n (n=0-2) geometry similar to the 3+3 bonding coordination in crystalline α-GeTe. For Te only angles at ∼90 o are found. The typical local geometries of Ge and Te are shown in the inset of Fig. 1a in the paper. However, a fraction of 4-fold coordinated Ge atoms are in a tetrahedral environment as inferred from XANES/EXAFS measurements [4] .
As an indicator of the tetrahedral geometry we used the local order parameter [5] 
2 , where the sum runs over the couples of atoms bonded to a central atom j. The distribution of the local order parameter q for Ge atoms is reported in Fig. S5 bimodal with peaks corresponding to defective octahedra and tetrahedra. By integrating q from 0.8 to 1.0 we obtain a fraction of tetrahedral Ge atoms of 23%. In contrast, the q-distribution for Te does not show any signature of tetrahedral geometry. The q-distribution for 4-coordinated Ge is further analyzed in terms of atoms bonded to Te only or to at least one Ge. The presence of homopolar bonds with Ge clearly favors the tetrahedral geometry as shown in the inset of Fig. 2 of the paper and in Table II . Statistics of the different types of bonds in the ab initio models we generated are reported in Table III . The bonds formed by Ge in tetrahedral sites are clearly shorter than those formed in defective octahedral sites (cf. Fig. S3 ).
Concerning the medium range order of a-GeTe, we report the ring distribution in rings are present. The distribution has a pronounced maxi- mum at four-membered rings typical of the rocksalt structure. 66.5 % of these latter rings involve only heteropolar bonds. The presence of very large rings (with very large aspect ratio) reveals a more open and less connected structure than that of the crystalline phases, as also revealed by the analysis of nanocavities by Akola and Jones [1] and by us in Ref. [8] .
Turning now to the electronic properties, we report in As already mentioned and in contrast with previous suggestions in literature [9] , no long chains of Te atoms are found but only Te dimers. The absence of long chains is probably also at the origin of the lack of Valence Alternation Pairs (VAPs) [10] . To identify the possible presence of charged defects, we computed the Bader ionic charges from the total electronic charge density by using the scheme of Ref. 11 . In a-GeTe, the distribution of Bader ionic charges (Fig. S8 ) tails toward zero due to the presence of homopolar bonds. No highly charged defects such as VAPs are found.
Vibrational properties. The phonon density of states (DOS) of our slowly-quenched, 216-atoms model of aGeTe is compared with the phonon DOS of crystalline α-GeTe in Fig. S9 . The DOS of trigonal α-GeTe (R3m We also computed the Debye-Waller factor for each species in a-GeTe defined by [15] B ν = 8π
where ν runs over the three species and u 2 ν is the mean average square displacement of atoms of species ν computed from harmonic phonons as
where M ν is the mass of the ν-th species, κ runs over N ν atoms of species ν, ω j and e(j, κ) are frequency and eigenvector of the j-th harmonic phonon. The temperature dependence is introduced by the Bose factor n B (h Raman spectra. The differential cross section for Raman scattering (Stokes) in non-resonant conditions is given by (for a unit volume of scattering sample)
where ω S is the frequency of the scattered light, e S and e L are the polarization vectors of the scattered and incident light, respectively. The Raman tensor R j associated with the j-th phonon is given by
where V o is the unit cell volume, r(κ) is the position of the κ-th atom and χ ∞ = (ε ∞ − 1)/4π is the electronic susceptibility. The tensors R j were computed from χ ∞ by finite differences, by moving the atoms independent by symmetry with maximum displacement of 0.01Å. Phonons and χ ∞ of crystalline α-GeTe were computed within DFPT. The two Raman active modes, E and A 1 , are at 90 cm −1 and 152 cm −1 respectively, and compare well with the experimental values of 98 and 140 cm −1 at low temperature [16] . The Raman tensors of the two modes are
with a=-14.480, b=-11.894, c=8.831 and d=12.458 in atomic units.
Phonons and χ ∞ of the 64-atoms model were also computed within DFPT. To compare with the experimental data we computed the total Raman cross sections for polarized HV and VV spectra in backscattering geometry as given by Eq. 2 with the substitutions
and
respectively. In Table IV we report the best parameters of the Bond Polarizability Model (BPM) fitted on the ab-initio Raman spectra of α-GeTe and of the 64-atoms model of a-GeTe.
In Fig. S11 we compare the Raman spectrum of a second, fast-quenched a-GeTe model with the spectrum of the slow-quenched (see paper) model and experimental data which gives a measure of the variability of the spectrum on small changes in the distribution of tetrahedra and defective octahedra (cf . Table II) . Hereafter we report some additional analysis of the Raman spectra of a-GeTe. Fig. S12 reports the Raman spectrum projected on different types of bonds which shows that tetrahedral Ge atoms dominate the spectrum above 200 cm −1 and contribute (albeit marginally) also to the 170-200 cm −1 range. Octahedral-like bonds dominate instead the spectrum below 200 cm −1 . Fig. S13 shows the projections of the Raman spectrum on both Ge and Te atoms belonging to tetrahedra resolved in the contribution from different types of tetrahedra (isolated, corner-sharing and edge-sharing). Obviously, Te atoms belonging to the tetrahedra also contribute to the two main peaks at 110 and 175 cm −1 , since they also belong to the neighboring defective octahedra. In any case the contribution from all atoms belonging to tetrahedra is less (cf. Fig. 3 in the paper) .
The Raman spectrum is further projected on tetrahedral Ge atoms belonging to different types of Ge n Te 4−n tetrahedra (Fig. S14a) and on defective octahedral Ge (Fig. S14b) and Te (Fig. S14c) , resolved in the contribution from atoms with different coordination numbers. Fig. S15 reports the projections of the Raman spectrum on different types of primitive rings (four-membered, five-membered and six-membered rings), which show that the different peaks in the Raman spectrum cannot be ascribed to different types of rings. In the attempt to assign the two Raman peaks at 110 and 175 cm Fig. S13: Projection of the reduced Raman spectrum in Fig. 2 of the paper on atoms belonging to tetrahedra resolved in the contributions from isolated, corner-and edge-sharing tetrahedra.
phonons, we projected the Raman spectrum on bendingand stretching-like displacements of Ge and Te atoms in TeGe 3 units and GeTe 3−n Ge n (n=0-2) units, the latter corresponding to 3-coordinated Ge and also to 4-and 5-fold coordinated Ge once only the three shorter bonds are considered (cf. Figs. S3, S4 ). The projection on stretchinglike modes is defined as the projection on displacements of each Ge and Te along the direction defined by the height of the TeGe 3 and GeTe 3−n Ge n pyramids (e.g. the direction i x(Te) -x(Ge i ) for the TeGe 3 unit). The projection on bending-like modes is defined as the projection of displacements of each Ge and Te atoms on the two directions perpendicular to the stretching direction defined above. The projections on bending-like and stretchinglike modes are reported in Fig. S16 . As stated in the paper, although in the topology of a-GeTe one can recognize TeGe 3 and GeTe 3−n Ge n (n=0-2, plus one or two longer bonds) units typical of crystalline α-GeTe, the disalignment of four-membered rings in a-GeTe prevents a classification of normal modes in bending and stretching modes such as the E and A 1 modes of α-GeTe [18] . Nevertheless, the projections of the Raman spectrum on bendingand stretching-like displacements of Ge and Te atoms in TeGe 3 and GeTe 3−n Ge n units reported in Fig. S16 show a marginal predominance of stretching-like (bending-like) vibrations in the Raman peak at 175 cm 
